A combination of geophysical methods has been applied in the earthquake-devastated area in late December of 2016 in Pidie Jaya Regency, Aceh Province, Indonesia. The methods are refraction seismic and Multichannel Analysis Surface Wave (MASW). This research aims to identify the types of near-surface lithologies through Poisson's ratio analysis. These velocity values were acquired through measurements in three sites among the devastated areas. The measurement of VP and VS values deploys the PASI 16S Seismograph with 24 channels. The geometry of seismic refraction lines was designed by placing 2-meter long geophone intervals, and nine total shot points were inserted, while in VS data measurement, the geophone intervals were the same set as the refraction seismic with differently laid out geometry of shot points and total. Both data were processed using ZondST2D for the 2D profile of VP and SeisImager for 2D section of VS. The result of the study indicated that all of the Poisson's ratio profiles show lithology consisting of clayey sand, clay and saturated clay with a value generally ranging from 0.22 to 0.46. The clay lithology is a prominent finding of this research. These interpretations more or less match other results even though some are in different research areas. This finding was proven by the damaged area affected by the earthquake in late 2016. Thus the result can be beneficial to designing and customizing building types according to lithological characteristics then mitigating from the forthcoming threat of the earthquake.
INTRODUCTION
Lithological information of shallow subsurface is a valuable insight for mitigation especially in high seismic areas as lithology or medium controls the seismic wave's propagation. The behavior of waves can be described through the elastic modulus, such as Poisson's ratio, Young's, shear and bulk modulus derived from P and S wave velocity measurement. However, in a geotechnical investigation, the S wave velocity is more frequently applied than P wave velocity as it has a better indicator for lithology's characterization, where S-wave propagation is dominantly governed by the structural strength of the matrix and the size and the strength of grains, rather than by the saturation level [1] . Another view [2] stated that if P-and S-wave velocities are available as two independent parameters, manual verifying of clusters is a reliable method to characterize lithological strata along with the profile. The Pwave parameter is also effectively successful to obtain the shallow structure of in geothermal system [3] .
In this research, the lithological identification based on the Poisson's ratio will be mainly pointed out. The Poisson's ratio is a comparison between the compressional wave (Vp) and shear wave velocity (Vs), where Vp travels faster than Vs and shear wave decreases when traveling through a filled-fluid-media. Poisson's ratio of 0.25 and VP ≈ 1.7 VS is for compacted lithology. The existing fluid in sedimentary lithology reduces the elastic modulus, Poisson's ratio, and VP/VS ratio. According to Kearey [4] , higher than 2.0 VP/VS ratios indicate an unconsolidated sandy lithology and less than 2.0 ratio is described as a compacted sandstone or gas-filled uncompacted sand.
The Poisson's ratio has been used for saturated lithology that enforces shear modulus and porosity as parameters. The result shows porosity will decrease when Poisson's ratio is increased [5] . In another case, the comparison of Poisson's ratio and P-wave velocity will gain precision of lithological classified prediction. The Poisson's ratio is one of the crucial elastic moduli and is frequently used to delineate types of lithology [6] . The Poisson's ratio (σ) plays an important role in the shallow [7] .
Based on previous research of determining lithology, this current study was conducted in a new prone area of the earthquake, which was previously unpredicted, in Pidie Jaya Regency of Aceh Province, Indonesia. The Mw 6.5 earthquake and the 10-15 km depth of hypocentre in Pidie Jaya, Aceh on 6 December 2016 indicates that the hypocentre is about 30 km to the north of the Great Sumatran fault (GSF). This typical shallow earthquake was generated by a local strike-slip fault.
By identifying the types of the lithology of the devastated area, future mitigation in planning and customizing a friendly building can be done. According to Keat [8] , the geological view of the research area, Meurah Dua Subdistrict of Pidie Jaya Regency as shown by the red box, are completely composed of superficial deposits symbolized by Qh or specifically termed as coastal and fluviatile deposits and noted in Holocene age (Quarter period) as seen in Figure 1 . The study area is adjacent to olim volcanic (Qvo) consisting of andesitic breccia and tuffaceous sandstones in the Southern part from which the existing lithology have possibly been sediment. The sedimentary lithology (Qh) is a low dip deposition. The types of deposition consist of sand, silt, clay, and organic material. The alluvial deposit (Qh) in our study area is young sediment in the geological period (Quarter period), and it is considered less consolidated, loose, and soft. The loose sediment will increase the intensity of the earthquake, and it may amplify the intensity of ground shaking of the earthquake [9] . On the other hand, our study area is near to the coastal zone which means the composition of the sediment mostly consist of sand to clayey sand. These sand layers will increase the possibility of liquefaction when the earthquake occurs, and the information of liquefaction susceptibility location is important for future planning in coastal areas prone to big earthquakes [10] .
Another feature of the geological setting of the research area is the existence of unknown faults as the source of the 2016 earthquake. This research aims to unveil the lithology of the defective area caused by the Pidie Jaya earthquake by quantifying Poisson's ratio to which P and S-wave velocity were provided. The combined MASW and seismic refraction to engineering issues can constrain the lithological prediction [11] . Furthermore, the application of S-wave velocity structure to 15m in depth is important in the engineering and environmental case.
In this research, in obtaining the P and S wave velocity, we use both the refraction seismic and Multichannel Analysis of Surface Wave (MASW) in the three areas of devastation by the Pidie Jaya earthquake (figure 2.) The MASW method provides the fundamental mode to be separated visually from other modes, such as higher mode and body waves. The VP/VS ratios are widely used as a lithological prospecting of soil amplification and classification, aquifers and oil and gas reservoirs [12] and [13] . 
DATA AND METHODS
Data were acquired by deploying 1 set of PASI 16S Seismograph with 24 channels. Both refractions seismic and MASW lines were set for each point so that each point has two seismic lines for either P or S-wave travel time measurement recorded from a 5-kg Sledgehammer as the seismic source. This is intended to obtain the P and S-wave velocity from which Poisson's ratio (σ) is finally obtained. The Vp/Vs ratio or Poisson's ratio analysis is a useful function of some physical parameters such as clay content, saturated water, porous strata, crack intensity and porosity [14] .
Technically, seismic lines for acquiring seismic refraction data were laid out by placing 2m spacings of each geophone or channel, with nine total shot point spread along the seismic line, where the two shot points with a 23m distance were set as the left and right offset. The remaining were fired at the left end shot, in between geophone 4 and 5, geophone 8 and 9, geophone 12 and 13, geophone 16 and 17, geophone 20 and 21 and at the right end shot.
For MASW data measurement, the spacing between geophones was similarly set with refraction seismic data measurement, but the geometry of shot points and its total was differently laid out. Where the total 25 shot points were fired, with 23 placed in between geophones and 2 of the remaining were shot as the left and right offset at a 5 m distance.
RESULT AND DISCUSSION
The Vp data were processed by ZontST2D in the demo version, while Vs data has been inverted by SeisImager for 2D. Both data were extracted for calculating the Poisson's ratio value. Figure 3 shows an example of 1D Vp, Vs and Poisson's ratio data in the location of Meunasah Raya. Based on 1D data, the Vs value relatively increased with the corresponding of depth. However, in the depth of 3-5 m, the Vs data is reduced. The Vp data also increase in the depth of 6 -12 m. While Poisson Ratio data only increases at a depth of 3 meters. Furthermore, all of the data response showed a similar pattern that can be indicated as good data quality. According to the Poisson's ratio profile of the first site, as shown in Figure 4 , the value dominantly starts from 0.38 to 0.45, whereas the value from 0.22 to 0.38 is a marginal ratio. The first range of Poisson's ratio infers that the lithological type is expected as clay. This stratum existed from 2 to 7m of depth in average. However, an insignificantly clayey sand lithology overlaying dominant strata was predicted from the second range of Poisson's ratio, and at 0.45-0.46 which is the thickest part of lithology and estimated as saturated clay and existed around 7-10 meter in depth.
A similar lithology pattern is also pointed out for the second site. Figure 5 shows a 2D profile of Poisson's ratio in Pante Beureune that is oriented to South-West and North-East, the sorts of lithology are not systematically layered like in the first site. The clayey sand with a 0.22-0.38 of Poisson' ratio is flanked by the clay is marked by red color. This clay lithology has an interval Poisson's ratio of 0.39-0.45. The same lithology of this profile is similar to the first profile which is predicted a saturated clay (pink color) seated at around 7-10 meter depth. Figure 6 . The profile shows that they are dominantly in the range of 0.44-0.46. These values can be simply interpreted as being from clay to saturated clay where clay as a dominant lithology overlay the saturated clay, this value also correspond to Bowles [14] in his research which classifies 0.40-0.50 as saturated clay and 0.20-0.30 as clayey sand. Based on USGS [15], a Poisson's ratio of 0.36 as claystone was obtained from core measurement in the laboratory of Tyonek Formation, Alaska USA.
All Poisson's ratio profiles can correlate that the lithology of the study area consists of clayey sand, clay, and saturated clay. The clay lithology is a prominent finding of this research; the others are also clay however it was mixed with sand and saturated water. These interpretations are more or less similar to other results even though they come from different research areas. For example, Gómez & Castagna [16] explain that a high Poisson's ratio or Vp/Vs ratio indicates a layer containing clay and vice versa. This clay content strata as a nearsurface soil will tend to be a failure of engineering foundation structure, such as upwelling and shrinking because soils are polarized when containing clay mineral.
CONCLUSION
Generally, this applied method expressed that identifying lithology by using the Poisson's ratio parameter is effectively helpful, although this identification was not complemented with a measurement of the sample in the laboratory as similar research has been done and proved that a lithological determination showed a successful result of in situ tests.
The result of the study specifically demonstrated that all the Poisson's ratio profiles elaborate lithology consisting of clayey sand, clay and saturated clay which the value generally ranges from 0.22 to 0.46. The clay lithology is a prominent finding of this research; the others are also clay however it was mixed with sand and saturated water. These interpretations more or less match other results even though they are in a different research area. This finding was proved by the damaged area affected by the earthquake in late 2016. The clayey sand and clay strata are prone to be a devastating structure when experiencing a shallow quake. Thus the result is very useful for designing and customizing building types based on lithological characteristics to facilitate future earthquake mitigation.
